Searching PAJ 



1/Z ^— V 



PATENT ABSTRACTS OF JAPAN 



(1 1 )Publication number : 2001-085541 
(43)Date of publication of application : 30.03.2001 



(51)Int.CI. 



H01L 21/8247 
H01L 29/788 
H01L 29/792 
H01L 27/115 



(21) Application number : 11-257990 

(22) Date of filing : 1 0.09.1 999 



(7 1 )Applicant : HITACHI LTD 

HITACHI DEVICE ENG CO LTD 

(72)Inventor : KOBAYASHI TAKASHI 
GOTO YASUSHI 
KURE TOKUO 
KURATA HIDEAKI 
KUME HITOSHI 
KIMURA KATSUTAKA 
SAEKI SHUNICHI 



a'lte. fib&a C6&» . 200^ .. SffSh 



ibaa ar»To 



(54) SEMICONDUCTOR INTEGRATED CIRCUIT DEVICE AND MANUFACTURE THEREOF 
(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the reliability of 
a semiconductor integrated circuit with a 3rd gate after 
repetitive writing, while making the device fine and 
improving its operating speed. 

SOLUTION: This integrated circuit device has a source- 
drain diffused layer region 205 of a 2nd conduction type 
formed in a well 201 of a 1st conductivity- type, a 
floating gate 203b formed on a semiconductor substrate 
200 across an insulating film 202, a control gate 211a 
formed on the floating gate 203b across a silicon oxide 
film 210a into which nitrogen is introduced, and the 3rd 
gate 207a which is formed across the semiconductor 
substrate, the floating gate, the control gate, and an 
insulating film and different from the floating gate and 
control gate. In this case, the 3rd gate is embedded in 
the gap of the floating gate perpendicular to word lines 
and channels, at a altitude lower than the floating gate 
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[lS*ilil i'y 3>sig't'tcS i*S:M<!0'5'ai/w^ 

2 *6?tBI ff^ )5)c-r -5 i . ftlteHl ^ < 3' - >-(:: i o T 
ffM.$iV'5P*:PBl(::, iflteS2,1&Jtflg^^rLTm3 h 
^ff^^i--5 i: , flUtarf jgy- h *3 J; l/m 3 h co 

l^*i-sm3co:^te. 

:7;j- hu-:;-";^ hiW^ff^^RL, m^-y* huv^^ hJK*3J; 
ft, 

13#?Sb1 y n >fli^iff^fi)i Lfcf^. suis^sSa^B •> y => :^ 

fliJo J; U'#^B^B •> y = K v -i" ^ 1/ ^ ^ ^^^tii-S 
->y ^vigfkflS^iiWL. Stife->y 3>'gS'ftJK*3J;t>'^ 



f - >- y !4 . Btlte 7 .7)- h U- V h Bi*3 J; ?>'^,tSb1 •> 'J 
3 >SI;5S (i ^ L V ^Jl ^ > y ilS -C- :l y ^ V y $ 5) 

5 1 tmm 1 IE«Jco#'^ft««(51gg^HcoS 

BtteS 3 ¥— h (± . mtdf^M ^ ^±iz fflft^iA * 4^ i ^ 4; •) 

•> y = vfliSrffM L fc« . tati^m^B •> y = V 

K±{c-> y =1 >-mtm^Bm.L. y => >§tft:flf *3 

Iff *ri 6 J If *il 3-5 (omix/i^-miztm(0^'M 
Sflfe#^^B-> y =vK|coa)*(4. tUfEifaiy- h ir/iS 

fl^^i-exmt , sfifE-> y => vsisifcm 2 ^jtin^^ 
trms y— h^ffMi-^)X^i: . ittiia^7 3:yu't'tzy- 

XSt. WSEmsy- h?r?S9SlJft^^?rff?)«^SX 

gt. mmm3 "f— hizx-oxm^^ir^mr^vz, sfjte 
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•> y = >m^m^vtz'^, mu^t^^'y y = K7 

•> y => >m^nm l . witi^'^^m ■> y >'i«j::it!¥^ 
yartei-m2co:^jife, 

9 ic#sSb^b-> y = >m^nm Lfcm. BfiiE#iFSB%-> y => 
iffitsm 1 y<p->i±. mtmm^%ikizmtbih^fi\.^x 
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ional Electron Devices Meeting, 1989, pp. 603-606) 
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•> y =. i-esrff?^ L fcft , #*£a^B •> y ^ >fi«t^ c m p 

^B^B->y :^»K{cK7'ri->f->^^^tEi-^4cD:^ffi, 

y => <t)g*3 J: t/#i^B^B •> y = :^IBII- C M P fet:: J: •? 

5)0 

(0 0 2 31 s«iiEUc:^teJc*3v>-c, ^ay-h 
infSLfc:^J£t-*it>-c. ^iSy-H*^3y-h«::*fU 



[00 2 4] *:|gp^OT4ijSL^*ffl(EiigiSBii. ^mmm 

icmiJfe^Bisrtn-L-cfi^RK^nfc^iy-Hi:. S5 1 y 

- h±(-«2jfif*B«^^LTf^^$nfcm2 y- ht, 
m 1 y- h t s 3 LTffMS;ixfc» 3 y- h 

^ w L . ^ a y- h 1 y- 1^ coPtftlca«biiA/-C- 

ffjfig$4xTv^-5^^<*««iHissi^e-c-iboT, may- 
[0 0 2 5] z<om^. may-Ki^ m^y-h. ^ 
[0 0 2 6] tfc. m3mmm\±. s^^ssADL^v-y 

(0 0 2 7 1 

^ tz.ib(o^mizi6\,-'X . m-(oWim^^-r^miizitm 
(00 2 8] (^ja(75?t^^ 1) mm, :^mM<r>mwi<r> 

SmX'ifc?). 112 (a) . (b) isXXf (c) (4, 

^. laitZjoftSA-A' , B-B' ioXlfC-C m. 
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^ ^ n ^ ^m-C*l y 3 ^-^f kM;!!^ Ji:y^>^T'#a* 
WX:x.^y^>^^^nof)^^. Jjf y v^y 3>'llg2 0 9 a , 2 
0 3 a ;65ji'y^>'^$;IX^I&PgT-(i, > y ^{izt ^ 
i^{f$i\^f>- •> y =» :/Kf bllil^:^ y^:yif^i\t^\^ -mHH 

y 3>igftlK-e^b^J£^ai2 O 8 a tr-^ y^f'l^'/T^ V y 
/<<!:LTmB6L, Ifej^lg2 0 8 a T&U<om3y- h 2 0 

y^V^xmiwJ: 9/^3^-1^ 2 0 7 aJ;iy:^ffi](r}£ 
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h 2 0 3 bti. x:^f^. y:^^^<Dm:^\^\^:ts\,^x 

ffi^ji2 0 5, f?:r:/U2 0 1. |g 3 h 2 0 7 a (C^ 
[0 0 5 6] m^\t. ±te:^ffi(3j:*9?f^^L-fc;^^>jir 

# I MsmiE^^ F^if?> LTc ^ ^ "7 -C' 5 o w\m\^ liite? 

cOTt^^. mJt£^ifcl<7)JJJfr^fflv^Tl^fi£L7ty^Uiryu 
[0 0 5 7] t^e*S^lf-C{i:*i^;t(H]^;65 1 0-* [El^®;i 

[0 0 5 8] !*5t5a??B«::i3V>r{i. 

[0 0 5 9] cntC^L^^^cDf^^cOT^^Uir/Hz^s 
1 0^ l£l<DS}^^;t^tToT t L#l/MS'i7 ^ > K 
^tcfSir A.<ir''B£<t^^C4H\ cHlii'fiSy- h 2 0 9 
a 0:>}L^m(O{hUi)^W-y*^m\:M:2 0 8 a (CtgLT*3*5 , 

m^(om(Dm'^nVi^tmm^— h 2 o 3 b (Joffln^spiflgB 

r-tr -5 /c ^6 -C" ^ o 
[0 0 6 0] 12 7 li;*:^Mco?gfiic7:>7i ^ U -tr/u^ 1 0^ 

[00 6 1 ] ^^5S^t^?t^{;lib%^T^l. sicgs#Feicoi§:^^i 

[0 0 6 2] /^*D\ m3>^'- hcO±^ci^rfiS^- h± 

J: *9 lai. Mia (!: ^ :i i: fi. m\'^ns.(o\&mz w 



LfCo Ccr-m3y-h±^ffi;6^i'?iSy-h±«ffiJ:»9 

[00 6 3] ^ 3 h ii^ffi/Z^r^iS^'- h ±^ 

Ig^LTt;^^ m3 h±*®Srr¥iey- h±^a5J:»9 

/Co 

[0 0 6 4] ^7t, ±te:^j£lz.t »9ff$^ifeLfc7^^.U'ir/u 
[0 0 6 5] (^5£(7:)ff$fiS2) [19J1. *|gPJco^1?ai(>0 

sfil 2 xh^^mi^mmiBi^^^m(Dmm:^if^co-&\^^^ 

\:t^xm<Ltz,^AZ^^^ ^LX. mmm'iik{::X ^ tz^ 

h^ffloAj^. ±fEuv^>?. hirssy- Nt/c^^^j^'; v-y 

[0 0 6 6] )^T. *^fi<50ff^SgcoM3t^S^f^^P>^i- 
^-f^JECQff^Si 1 (^El 3 (a) (e) {ZTT^Ltz 

(Dt^—(D:^mzX^. > U =i>'S1S2 0 01O31/U2 

0 1. y- hmim2 o 2, r^isy- h>'-3^-:/2 0 3 

a , 2 0 4 a. fetfe® 2 0 5. /?iSy- b ^ 3 y- h 

6^m:AmmLfz (o.^it-r) o 

[0 0 6 7] -^fiO?^, ms^-h t^^<>'J >^ V-M^'^ 
^Lfzy^]) i^V =^'^m2 1 2 ti'^iSy- h^<9-i^20 
3 a. 2 0 4 a C0P*:FB^;^>5ii^P5/^^>J: 9(citaL/ci (El 
9 ( a ) ) o ^ y I' = >BI 2 1 2 oOJSJlfiffili^pt -^e li 

[0 0 6 8] aclc^ h UC/y^ h 2 1 3 ^. rfigy- K ^< 
5^ — V2 0 3 a. 2 0 4 a (Omf^W^^±\zm^ b X 9 
^tn L/C (13 9 (b) ) o t(om. -ttl^- h Uv?;^ h 2 
13t;J^y->y3VlR21 2^iaia^tV^iiST':3^'yi?' 
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->2 0 3 a. 2 0 4 Q(OmB^i^PJi'^(^^^^M^^^ 
i|>i;i3>2l2»^212a t^£^) (119 (c) ) o 

[0 0 6 9] ^(o'iik. ms&,mm\(omA (c) /-^^bia 

5 (e) <!:l^^i(7):^&lv:J:9'>y =>'e?fk^2 0 8 a. 
2SS0Oj?iSy- h^i; v-y =»»2 0 9 a , 

jpL-Ttv-y =2:/g^ftfli2 1 0. ^ v^'/u^^^ib^jr^i^ 

- K^S2 1 1 a ^ff^^SL. ;^^y iryuSr^fiJcLTto 
[0 0 7 01 *:::^ffilcJ:<9ff^^Lfc7«^liir/uti»ffico 
ff^flSl lcit'<Tm3>>-'- h 2 1 2 a <08II?tf P?o#Sr(6 
j)^^Bg-X:-feo/c. -tfSi^h. =i>fll2 1 2 

irt-CffJ^L. :icoflI)?^toTm3^'- h coals: ^ -r 

lllf£cofl?fl§-CliSSt!jtti3'Stpui>';^ h 2 1 3^mf^ir^ 
T-(tu>^^ h2 1 3S:fflV>^fci6. Ilflffl5{;i;J^>r 

(0 0 7 1 1 ^/c, m^(onm 1 ^1^1^. ^/^^stsiwit 
'<«#3l L coi^cQ L 1 1 Mi: > K ^(om^itf)m 

[0 0 7 21 (^McOff^fii 3 ) El 1 0 II. :^^m(Omi& 
?gfi§2cr)Sii^:frffii:C0«V^rt. «3>!r- h t^i^^'J 

:f7^\tm^(^if^^ 1 <i: m-xh ^ zz xn%^m t /co 

[0 0 7 3] :*:7«^y iryUC0®iiS:^tef:±aTc0.il»9T'fo 
6o *-rillffi<7?ff^ffil<^E]3 (a) (e) (-T^t-^ 



0 1. hStft:)il2 0 2 , y?iSy— h^<-:^ — >'2 0 3 
a . 2 0 4 a. ffiffit^ 2 0 5. rfigy- h i: SI 3 h 

[0 0 7 4] ^(D'ik. ^3^— b t^^b V 
^Ltzn^V v-y =i>m2 1 4*r?iS^'-- h^<-:$'->2 0 
3 a. 2 0 4 a<r)mm/jmt.h^l^\tolzmmLt:L (El 
10 (a) ) o Tf^^Jiy'J ^ 2 1 4 (Oggilfillia ^ ^ 
yiryk^/S?gc;:»m3y'- hcoBi/ST-fc^o 

[0 0 7 5] ftic<k:^e*}<t«wsj* (CMP?£) c,^ 

^ . h^^-^' — >'COv' y >'g{|::^2 0 4 a /}'^^ 

fctii-^ ^T'±ta^y i^') ^:ym2 \ 4 ^5fflgl^^L7t 

(Jj^y v^y 3»II2 1 4 'J =i>S§fbfll2 0 6Ji^ 

n^;tx2 14a. 2 0 6 a (HI 1 O (b) ) . 

[0 0 7 6] h ^ h 2 1 5 Sr. W-l^^-- h-^^" 

5'->203a. 204a (r>m^ir^%'^\':^^^^ h ') t:: 
y^ffit/t (Ell 0 ( c) ) o ±te^ h U'/X h 

215i:5j^y'>y=» >'flt 2 14a ^Mta^ Lt >3SST:ji 
y^^<y<7V^ ;K y >'lli2 1 4 a cQ;z^^i'¥iS>;r— 

h^^ ^' — ^-2 0 3 a, 2 0 4 a <DP)Sft1(-?>^5t<7:»l¥ L 
(3if y '>»J =i>2 1 4 a ti2 1 4 b ^^cC^) (Ell 0 

(d) ) o ^ty^>^l±3i^ h Ui/^ h/i5^:fel3/jr< /jTo 

[0 0 7 7] ^(0\%. |IJfeOQff^ftSlCOE]4 (c) /^^«bEI 

5 (e) <hl^1t<7?::^}fe(cj: »9 -vy =« :/S§fl:BI2 0 8 a . 

2SgOr?iS^*— ^'"^^y v'y =^>'Bi2 0 9 a . g^^f^ 

Ad l fc y =3 vi^iLiK 2 10. Tt^'j ^ 9 /mi/ii- b 5 7 

- K» 2 1 1 a Srff^fiS: L . ;^ ^ !J ir^'i-^^;* L tZo 
[0 0 7 81 ^:fjmzX^mJ&Lfz^^')±/l^^tmii&(D 

mm 2 iz^^xw.izm 3 "f— h 2 1 4 b<omm\fh^^ 

h/)^Cib^-^) *>y ='>'fli2 1 4<0±®75^CMPifc(w.^ »9 

wm^ixxy^'^^tz.i^. ;K y v-y 3>-coj:y^v^a^ig: 
r)S-r'#'5o cco^^. m3>^r'^ h 2 1 4 bcofll)i:(fe>o 

Ein^o 

[0 0 7 9] i/c. ^ffioo?f$Hli ilDti. ?^e*Ki«(wlt 
ofcc ^/c. p<^y-tr/ui5ft$r4 F-^z^/J^i-'5^ 

[0 0 8 0] /jrjs. lai 1 c^F-r<t cMPfficj: 
y u =3>'j^2 1 4cowsco^tw, y =3 visftiK 

2 14' (fctxtfTEOSg^lblK, SOG!^^) SrffJ 

(Ell 1 (a) ) . coixy =^>mtm2 1 4' t 
;jfy '>u 3>K2 1 4 t^ti>\ccMPmzx^mmx 
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#-5 ('>D =^>@^eftfli2 1 4' \t. 2 14a' t^J:^) 
mi 1 (b) ) o Z.(Om^. CMPmzX.^^'Jiy]) 

=3>^ia2 1 4^mu(o^im^m^i^xmmir^zt/)'-^i 

l\ v-!; ri>'^ft:Bl2 1 4 a ' 4- illR 6^(^11*^ 

LT. mjtaEIlO (b) J^(^<7:)Xfl?rJiiitT-#5o 
[0 0 8 1] (^J£<7:>?f^fl§4) mi 2*Dj:t5llIl 3t:3:. 

[0 0 8 2] •^'rmM(Ommi<OM3 (a) (e) 

{c.^U7t(7)<!:fH]— *9 . i> y =i 2 0 0 (c 
'j7aL/U2 0 1. hSI?>(t:fll2 0 2. rfigy— h''<-:5^ — 

V203a. 204a, ffitfcJl 2 0 5, r^iS^— h <i: IS 

012 0 6 ^msmmvfc m^^-^t-r) o 

[0 0 8 3] -^(Om. ^3^— h<!:7i^ U >^ K--t:*V 
i/LfcTK'J i^V =»^flg2 1 6 ^r?fiy- h^<^ — >2 0 

3 a. 2 0 4 aCOP*:rp^;6Ul^f.?iV^J:9lCit^f L5^c (H] 
12 {-a) ) . iyV ^>m2 1 6 coHiJSilffiligiTf 

ir/^^^^s^7:>ll3 h(Dmmxh^o 

[0084] m:^. i^V =i>^^2 1 6^3^ty^^<'y 
^i-5l^(7:»^tifllir ^c^av^ll =3>^SS^l::flK2 l 7 ^ffML- 
y-c (E) 1 2 (b) ) ) o 

[0 0 8 51 f^v>T<t:^6<5l««WSj£(:iJ: "9 . 
h/^^s^ — VCOv-y ^>'mtm2 0 4 a ;i5jiaii-5^T-b 
fSTjf U '>y =i>fll2 1 e ^lc/v-l^ =^ >^{k8M2 1 7 

gi^^tfc (^li v-u =i>^2 1 6. iyv^>mitm2 

0 6 2 17 (:i-^n-en 216a, 206a St/ 2 1 
7 a ir/^-S) (H 1 2 (c) ) o 

[0 0 8 6] -t-cof^. Ti^li v^U =i>'^2 1 6 a ^^.y^ 
''<^>^.L, r¥2|y— i-^^3^'->2 0 3 a . 2 04 aC0Pf 

y >!J =1 V2 1 6 a (i2 1 6 b (1^13 

(a) ) o 

(0 0 8 7] ^V^-Cr^jS^-- h^^:^' — >2 0 3 a . 2 0 

4 a<50BSFa»^a#i-'5'>y =3>S?^[::tt2 1 7 a 

haio,^:/>/(cJ: «9l^*L/c (D l 3 (b) ) ^ 
[0 0 8 8] -^co^ik. MM(Ommi(Om4 (c) 

5 (e) tmm<D:^m{:ixvi^v =^>'mitm2os a. 

2Sg<JC)??iSy— h>^^!J v-y =i>Bi2 0 9 a , S^SrSs 
ADLYci/y =i>mitm2 l O. ^Ky ;^ v^^/uK/i^^^b^i^!;? 
- m 2 1 1 a ^mf& L. > ^ y iryu^^jiS: L fCo 
[0 0 8 9] *^f£iC±»?ff$fifeLfc7<^y-fe/L^(i^J£^«J 

1 b 3 t (^«, V^^mm\^it^l^M L$mx.co|^o L 



[0 0 9 01 :z^^tlfecO?FJfiiT'fi, y =^ >mitB 

2 17a ^^3 y— h 2 1 6 b CQttj*±;55 0 t^ffi^O** 

v-y ^>mtm2 l l aX^S^^xX 

i>/^i>>'y ^i^m\\Lm2 1 7 a <7:)ftyii&fJ53^ (® 3 h 

2 1 6 h(omm%i) tm^m-z^^v^^f^wh. z(o 

fcl^. »3y— h 2 1 6 bCOl±l*±7)5«9 t»^ff|{:::foH^X, 
XI^(Wfi^5>cOiii^>^>^3SS755iSi>/:ii6, -^coffJttti 

(113 (d) \z^^-r^o\::mmu^^\zm.mt^^&p^m 

fll2 1 7 a ;5^ffM^nXl^5/c:i6, CcO J: 9 ^i^ff^^Kt^ti 

^^e?'.^!'^ ZCDfzib. ^3 h 2 1 6 bcoH i^^rfiS 
h 2 0 3 a co^li^J: «9 t?t^tC(Jg:< nmxt . 

[0 0 9 1 ] HI 1 4 tZ7r:i-i: 9 tc, > y =« vffi^ik 

mtm2 1 7 c ^?f^/SLXt J:t^ (014 (a) ) o ^ 

Lx, f/y 3>g?ft:^2 1 7 c Jbctt/^Ky '>y =i>'i^2 
1 6(::CMPfe(cj;^WS^1jSi- (Ull 4 (b) ) o - 

CO # -> y =1 2 1 7 c y =3 vs^?{k:iii 2 i 7 

di:7:^t9. Ji<y'>y^ 2 1 a y y =2 2 1 

6 a tfji^o tcom. mimm. i^v =^:ym2 1 e 

a ^jjivf^-'^^y ^ L, rfigy- h^<-^->2 0 3 a , 2 

0-4 a (7:)P*:pp^twF;r^coil^X7t?y > y ^>^fli2 i 6 a ^ 

?^-r (>i<y '>y =1 V2 1 6 a Ii2 1 6 b (111 

4 (c) ) o ^<r>m. 'y') ^>m\tm2 1 1 d^m^^ 
L. 013 (b) \ik^(ojj^^mm.-r^. z.(DXo^s:m 

CMPfelzJ: t9 7^f y v-y Z3>lii2 1 6;5^(M]gBor)rtffi!l 

[0 0 9 21 immmm s ) 0 1 5 ^^pjco^he 

co?f^ffi5X^5^W{$mfI[H]S^^gcoSi5t::^ffi(7)-i^'J^ 
^L7tK®0X^b5o *^tS<50?F^^iX{j:. M3y-hi: 
?i5^y v-y =^>I^^ADX-t-5l^. -(k^^^^ttS^fflS^feir 

j7^\tmm.mm 1 1 m-xh ^ zz xit%^m ltz^ 
[0 0 9 3] ^-rmi&<ommi(om3 (a) /j^h (e) 

itZijkitz<Dtm-<r>:HmzX^. i/y =3>'Slg2 0 oiz 
•>3i/u2 0i. hiS<tl^2 0 2 , r^iSy— h^<^- 

>^203a. 204a, ffitJ:^ 2 0 5. i^f iS^— 1- *t ^ 

3 h^:JJgll-r^fce=^)(/:)a^^i^*DLfc'>y ^vi^ib 
j»2 0 6S:P.S5«:ffMLfc (07f:-fri*) o. 

[0 0 9 41 t<om. %3¥-Vtfih'):y^ Y-\f> 
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3 a. 2 0 4 'a(DmS^^±\Z.mityM^X0\^-^mifc 
((H 1 5 ( a ) ) o 

[0 0 9 5] m^^xit^^^Wi^^mmizxv . mmf- 

f£/j^ li y 3 v-/^ 2 1 8 SrWSI** b/^ y -> y =« :/ 

la 2 1 8 . y 3 ^'geftw 2 0 6 ittn^eix 218a. 

2 0 6 a t^J:^) mi 5 (b) ) o 

[0 0 9 6]^(D'ik. y y =3>'fll2 1 8 a ^J^y^ 
L. r^iS'ir— h/<:$^ — ^^2 0 3 a . 2 0 4 a COB^: 

mizmm<Dm^^^Lit (>}^y v-y =>^2 i 8 at3:2 i s 

b t^j:^) mis (c) ) o 

[0 0 9 71 -^(T^ft. mt&<Om^Bl<Dm4 (c) ;!>^<bia 

5 (e) tmm<o:fjWii'^x^i^D ^>'mtm2 0 8 Q . 

2^S<30r?iSy— h>Ky >^y =3>fl^2 0 9 a . ^^^Ss 

*aL7t'>y =^>'^ft:fll2 i o. ^y / ^/^myi^h^j:^":^ 

- Ki^2 1 1 a ^ff^L, >^y iryuSr^^t/Co 

[0 0 9 8] :$::^m\zx^mfi^Lfz?^^v^ji^nmmm 

[0 0 9 91 /^ib\ *:|l:tec;o?F$ffi<7?S!lat::^j£T^(^. EI 1 
5 (b) {c.T^-rj: 9i37i^y c/y =i>^Hi2 1 8 ^wstr 

(7)ftcO:3i:y^/<'y i5^tCjo*t53j^y y ><0|^^S*lg: 

=i>^2 1 8 b^0S®Sr¥±l^wff$i^6;L'^-rl/^i:t^9 ;^ y 
[0 10 0] (|lt£<^?F^fii6) mi 6:foJ:t>'EIl 7fi. 

Ofl0ffil;!i=^e>5 ^(DitlMi, m3>!r'-ht7S5xKy v^y 

6o -7 V v'^ 7« ^ y iryL.</:)2pSia®. ^fiS:^^^7)|^fTStg 
it. K]1^:^^liSSSo?i0flil ^c-cii^^ia& 

[0 10 1] S-r^tEOff^fill CO0 3 (a) f)^h (e) 
(c.T^LAc<7>i:[^-co:^fe(::J:'9. y >S« 2 0 0 C 
'J7ai/U2 0 1. h^iblR2 0 2. r^iSy— h'^^i' — 
V203a, 204a, 2 0 5, nW:^- V 

1^2 0 6$rlIlI^^^ffMU/c (Ej^-ti-r) o 
[0 10 21 ^(O'^. Ssy-h^^^^y >'sr K-e:/ 

yt/oJ^y v-y =i>'^2 1 9S:r?isy- h/<i^->'2 o 

3 a. 20 4^mtmi:^±\^^i^'3^tsX0\znmLtL 



(Hi 6 (a) ) o 

[0 10 3] ^(O'ik. S:^tt K7-r:3iy^>'y^?Tt\ 

zKy vy =J>'1]I2 1 9 ^^';/5^^<>^ LTrfiSy-- h /< 
5'->2 0 3 a (OWM\Z.^%Lfz (Jt^y y V2 1 9(1 
2 19a (la 1 6 (b) ) o 

[0 10 4] m^nMitrnz^^-^s') 'y'} ^>m2 1 9 . 
a (o^m\z y ^ ^i^itK 220 ^mf^ t , y y =1 

>- 2 1 9 a co_b^® /ii^rfigy- h>-Ky'>y=i>203a 
J:^TcoH^St7:>^ig^4^^ct 9icL.7t (;i^y£^y3>'2 
1 9 a Ji2 1 9 b (lai 6 (c) ) o Z(Om. 

v^y ::3>iSfbfli2 0 ^ ^(o'S.^m^W:^— h ^ y y 
>'2 0 3 a (omm-/)m\t^^x^(o^mm-t^^)}^fi^^h 

[0 10 5] ^coi^, :7s/«?7K^fiS{cj; «9 i^y ^vmt: 
Df/<:.37-->2 0 4 aCOJi«S±tw#:fti"^'>y =i 
1112 0 6 ^I^6feL/c (•>y =3>^i§^t;BM2 0 6fi2 0 6 b 
(01 7 (a) ) o . 

[0 10 6] ^(D'ik. fifty >'K7Kigfis*ffli'^T'>y 

^>fbl^ 2 0 4 a ^yi/y=»>'203a OO^S 

^iim^iirfc (El 1 7 (b) ) « 

[0107] ^cot^coxfifi, HiScoff^fil 1 coEI 5 

(b) J^P%C9XfitlRHtX-*>^o 

[0108] *:|llife^^^SgT-(*^te<30fl?ft| 1 /i-b 5 tCIJt 
-^rmsy- h 2 1 9 bcOflgffll'^o^^tej^-SItg-C-^ 
ofeo -t-^t^b^), Ell 6 (b) (C7F-r3i«:/^/<v^xm 

>m2 1 9 a CO^EIlit®e<}?SlM4®l^?F^^$n5 7t 

mitm2 2 o^mf&ir^tiib. ^(ommmmit^^6^'& 
Bxh^a' z(Dtzi!b. ®3 y— h 2 1 9 b<Dmm^mm 

Si^;2^/?^^0#ra<oi?li-fb;55E14xfCo 
[0 10 9] ^ft(50ff$tel tife^t^fttCJt 

ofco ^/'^> ;^^yir^u®a^4FMz:S§/hi-^C.h;5>^ 

[01 1 0 1 (|ltS<50ff$fig 7 ) EI 1 8 -El 2 0 fl, 
CO— fi^il^^L/c^ffiEj-Cfe-So *lllifeco^fl|-CJi, ^HS 

vzzp^^y ir/uco^Sia®. m\*^i5^\tmM<r>^mi t 

(0 1 1 1 1 Si*. i>y =3>StS3 0 0±(Zpl?'>ai/U 
30 1$:ffMLyh«, /tt;ttf??ft®?ft:te«cj: 9 1 2 nm 
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(a) ) o 

[0 112] m^xms h t^i^ }) >i v-^^'^i^ 

L7t^!i '>y ^>il3 0 SRXIi^V =1 Vgg^k^S 0 4^ 
Hi^itat-^^ (HIS (b) ) o 

1 0 1 1 3 1 '{kiz]) y^'^y^t h'y^^yf-'^^tki^ 

^ >'fll(i:^4x^'n3 0 4 a , 3 0 3 air 7^5) (Ell 8 
(c) ) o 

[0 114] ^(^m, #4i6-i';^>tm^ffii::<t tJO^^-f 
iS:^ 3 0 5 LTt (la 1 8 ( d) ) o 

[0 115] hinsy-h^^^Bs-r^ 

mi(om3 (e) i9?fMLfcfI (HI l 

9 (a) ) , h y K-e^-^t/t^i^ 

y v^y =i>^3 0 T^may- h^<^^->3 0 3 a. 3 

0 4a oqKSPb^;^'^^^*;!*!^ 5 J: 9 bfc (^ 1 9 

(b) ) . 

[0 116] ^(D'ik. S;&ttK7^^>>5^>'^^^T^.^ 

TKy v-y ^^^mS O l ^zr.^y^y<>y^ LT^3>y— h>^< 
•:^->3 0 3 a, 3 0 4 a (Ommi^mLtc {yf^ V 'J ^ 
>^3 0 7 \^3 0 7 a t^j:^) o Z.COm. ^f-'J i-V =^>m 
3 0 7 a C0^ffi;6>4<y y =i >M 3 0 3 aOOS5®«t «9Si 
< nc^ct 9{^^y^>^aSrilSStfc: (11119 

(c) ) o 

[ 0 1 1 7 ] y >^ K-t'>'i/Lfc^y v^y =3 

>Jll3 0 8&itaL (El 19 (d) ) . cnSrS:^ttK 
^-i'm-z^^^^Lyt (7}f y iyy ^Vtta 0 8(13 0 8 a 
tt^^) (E12 0 (a) ) o *>J^y ixy r3>'fli3 0 8 a 
y v-y =3>3 0 7 a tm^6^tw1giEtTio»9 . Z(0 

2S(^?5i<y v^y ==>^T-??isy- h^?F^^i"^o ^y^-y 

=3>^3 0 8 a {^rfagy- h<??^ffill^ti:^L. > ^ y ir 
[0 118] 0 3 (e) ) X-7fkLit:^ittm'-'(0 

(1112 0 (b) ) o 

[0 119] ^(o'^. y vy ^^v-^. m^^^y^y^'r 
3io^itffL. wn^<2^*ac5o y y <h K^-r^ 

(;i^y 7< ^'^'l-flla 1 0{13 1 0 a t ?'^^) o $ bt-vx 

y =i>^eg{b:M3 0 9. y i/y ^>^3 0 8 a . 307 

J:^Ji^y'>y3>'308a, 307a ti^ix-^'ix 3 0 8 
bSl>'3 0 7 b«C. ^fcv-y ^Vg^fki^S 0 9(i3 0 9 
a (EI2 0 (c) ) o 



[0 12 0] iat::fl^Li:i^7iv>7^^ mf^mh 

m^nmi^fzm. 7-^3 10 a. y-;^/K^-r> 

a:mii3 0 5. -?:3i/U30 1, »3 h 3 0 3 a ICS 

riVi/LTiE^i: > ^ y ir/u^^^L/Co 
[0 12 1] **JE(?)ff^ft»(3j:«9ff^^ufc:^^yir/UT 

(^?F^fii-c(i» 3 h (D^mmcDiiLm^'^^- y -> y >m 

3 0 3c7:>±6«^J?T-*^^/cif:>. ^^y ir/uFB^(39;«7'>:7' 

[0 12 2] ^7t. ^ffiCOff^^l ;5^^b5T^T/c^o7tv'y 
=3 ^^S^^^tfll 2 0 8{ZX^'^^i&^— hy<^->2 0 3 -am 

coil i^)iA^ t mmffjit^mmm::- x 5 ^tub;^^^^ t ^£ 

[0 12 3] ^/c. tecr>^i£coff$^i:fW]1||. t^e^Si^lC 

[0 12 4] mi&comBs) El 2 Hi, ^^m(Dmim 

<30i^il-C'fc'5o 7 i>:3.>-^y -iryK7:)^Siag, ISI^:^ 

[0125] mi}&<DBm 7 (Dm is ( a ) -El 1 9 

(a) tmM(oj:ux\ i^^j =^>m^R3 0 o±izpm^ 
zc/u 3 o 1 . hmitm 3 0 2, y V/ y =2 3 0 

3 a, *>y =3 Vigfkflia 0 4 a ^ff^L, 7«^y-t/K7) 
y-;^/Ku^>ir/^^i5z:«5:g3 0 5, S^S:^S*DL/c 

i3:/^|t:fil3 0 6 ^mf&'T^o 
[0 12 6] ^(Dm. mm^— htfj:^V>^ K-t'^V 

yty^Ttf y v^y =3 vj^3 1 1 ^itabfco ^<:oi^, ^tg 
coff^fii 7 <ir (iSj^^ *9 . y y 3 1 1 coiiiiifim 

3^'— 303a, 304a OOPf FbI;!)^*!* 

9?iffl<h t/c (1)2 1 (a ) ) o 

[0 12 7] mzit^^mmmmm (cMPj*) izj: 
, y v- y =3 i^m 3 1 1 ^ -> y =^ v^itfli 3 0 4 a 0 

1 1 Ii3 1 1 a '>y =^ V®?^blK3 0 4 a. 3 0 6 (i 
-^4x^*^3 0 4 b, 3 0 6 ai:?iS) (El 2 1 

(b) ) 0 ?i:ib\ c:iT'fifl::^e^1S«^I^fe^M^LT 
I^'^t!^^ =^y^^<y^it^m\^^xhA^\ uv^;^ 

ic, '>y 3 vgg^t:JiSr^l^^ii^/c^^cCMPj£&^EtT 
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(0 1 2 8] iJ^d. 113 (e) ) X^7r^\.fz1jmtm-(0 

Affile J: . mm^'- h <h !7- y^^mi-t^mm^^ i 
0. 5 nm(Dmm^mmLtzi^v =^>^mtm3 1 osrff^j* 

LtL {m2 1 (c) ) 0 

[01 2 9 1 ^CO^g. i^'J mit^^'^^^T' 

!J y ^>'i^Bi3 1 0(^3 1 0 a t^l^) a ^ hK'y 
]) =i :ymitm 309, tKUv^IJ^J 3 O S a , 3 0 7 

J:»9?J^l^ '>!^ =^>3 0 7 a (^^iX-^^ix3 0 7 b(3. Sfc 
iy^V :=^>mtm3 0 9fi3 0 9 a t^^^) (1112 1 
(d) ) o 

[0 13 01 ^cofg. EI(ZJ^^LTV^^^V^;55. irelSfeJ* 
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[0 13 31 m^(Dmm9) m2 2-112 4(i, 
m(Dmm(Dmm 9 -efo 5 ^2gi*:m«iEi?sigs</>S35t;^ & 

[0 13 41 S-r. v-l^ =3>S1S4 0 Of ^CpM'>^^^ 
401^ffMU. CO±(c^^-5^li®Sci:^j:^:7>f-/u 
K®?^b;fll4 0 2 4:ff^^L/h (0 2 2 (a) ) o 

m2 2 (b) ) o 

[0 13 5] m-xmm^- ^ t^j:^ V K-t'v^/ 
Ltz^'J ^>B4 0 4i:mm\^ (02 2 (c) ) , 

U 3VIII4 0 4'Sr'^'^-:^-:=^>'^t "Cr?jS^'- h^ff^L 

(;Ky v-y = >'fll*i4 0 4 a (1112 2 

(d) ) o 

[01361 ^(O'ik. :^>'}TiZ.^i*{^.i: *9 L>^-f 
4 0 5 S:?f^^L7:i (Igl^-ttT) o 

[0 13 7] ^KZ. UteOffJflll COia 3 (e) T'T^Lyt 



0 e^ff^^Lfc ((112 3 (a) ) . 
[0 13 8] ^3>5^^ hi:^<^^ y >^ K-ev 

/LTt^y '>y =^ VB!I4 1 O^/fiSy- h^<5i^->4 0 
4 acop^P0l/-)^^^t::ffl*6<):9(wltaLfc (13 2 3 

(b) ) o 

[0 13 91 ^cot^, Yy^:^y^l^fm'^\^^^'^^') 

v^y =3>-i}i4 1 0 Sr. ^co_hs®7)^i'?itty— y •> y 

3 V4 0 4 a co±*ffiJ: *9fai.^'(3:g]:?i^ ct •p^ ';/^^< 
^ Lfc (>Ky '>y =3>^4 1 0fi4 1 0 a J:/^:^) (H 

2 3 (c) ) o 

[0 14 01 ^COf^. 0 3 (e) X9r-\.tz.-)5'^}in—(0 

ADLfOy =i>'B?mm4 O 8$r?F^^tfc (13 2 4 
(a) ) o 

[0 1 4 1 1 ^(o'ik. ^y v-y -M-WL^^^^y- 

4 0 9^mmL (1112 4 (b) ) . zn^v y 

t Vy^::^y^>ymm\zX^^<^-=':y^LXy- K 
nt^^^L fc y 7« 5^ yl^8i4 0 9 4 0 9 a t -5) 
(ID 2 4 ( c ) ) o 

[0 14 21 ^<Df^. Ill{Cfi7r:Lrv>7il>;i^ Sft^S&j* 

m^mf&Lfz'ik. 7-m4 0 9 a, y-:^/Ku^^- 
jJitljg 405, !i73i/U401, ^3 y — h 4 O 7 a CM 

^=^i--^^ hK^Mf^L. m-x^mm%:mmLxz.^x 

[0 14 31 ±tS:^te{C^ t9?FMLfc^^ y ir/L.{i, 

[0 14 41 *:^SSc7:)ff$figlcj:im\ 4^':gi$:mffl[H]SSi^ 
[0 14 51 JL^±, *^P^#(::J:or<^$nfc^P^^^ 

(01461 tLt^\t. mimi&(ommxn. 
h.'^\Ym. 3/</i. hv-y-y-^ K, ^y :/x>>^yi^'i' 

^co?jj*/i^t^n'5o iTt^y '>y ^^i^ll^ i:^JS^(t:4^ 
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I 0 1 4 7 1 ^fz. mt^mt&.(Dmm-r:'lt. Kj»(7^W 
[0149] ^/c. Mt£^iS<5^ff$SI't:it. r^igy-- h <!: 

mi^^iMf^^^-^^ ^mmt^j:b^ji\^'X v^j:^^'oxi^m^ 
[0 15 0] ^7t. mt^mmmmx^-x. pmco^^^i^ 

[0 15 1] ±f£^JS(30?F^filt::*5l^T(i. ^3>ir' 

[0 15 21 ^tL. v^'r4^<;:)^^£<7^?F^ftS(c:^ol^xt^. # 
4:KffiJ^±(7:)l/-</i-^?F^fi£b. lo 

-<yuc7:)U#V^fit^:^$rH^Lrt. 2 fS fettle i:b'<. V^ 
SiAi^f:foJ:t>T^^^t tt- 13. 5VJ^T 

[0 15 3] */c. ^mm^^mmitum^ 



[0 15 4] 

m&o^j:h(0{zxox'i%hix^^3k^mm\ztm-t^i{:^. 
[0 15 5] ^mi$^mm^^mw:<Dm&Lmt^:^'ik<Dm 
[0156] ^mw^mm\3\^mSi<D[Hmw)i'^m^(oi&n 
[0 15 7] ^mPfmmm^mm<D^m^<D{^±fjmn 
[0 15 8] ^mwMm^f^^9.<D?t^D±;i-mm%:m 
[01591 ^^mi$mm^^mm.(om\pmm(o^±t)''m 

[HffiwfBm/itftNJl 

gco— esj^.^: L/t— gB¥3DlllT-fe-5c 
(1112 1 (a) . (b) JsiUf (c) mil;: 
*itt2)A-A' , B-B' *3j:tJ«C-C' ilSWrBUT-*) 

[12 3 1 (a) ~ (e) II. 561i£<Off^ffi 1 W^t^^^^^ftH 

[1214] (a) ~ (d) li, ■mmmrnKD^M^mm 
[HIS] (a) ~ (e) i±. %mmmi(r>'¥-MW-mn. 

[He] ^SL*m:tSr^f7iofc:ISSW*m;tlHlt!ci: L# 
V •^mM.&(om% ^ if: L fc 7 7 T' ^ „ 

[1271 1 06iHi»j^;tfcm. mm.\^tcu<ov^\.-mM 
[m 8 1 m-^<Dmmx'm^W)\'^^-^'7 hiiot \^ tz.m 

[119] (a) ~ (c) 14, '■^mmm2(D^mw^n 

[Hi 01 (a) ~ (d) 14. *li£Wfl?J8 3 ro^l^^Sfi*:* 
[121 1] (a) *3j;t>' (b) 14, ^m<Dmm3CO^'^ 

So 

[mi 2] (a) ~ (c) 14. nmmm4:(o^mw^ 

[Ell 3] (a) io<t!>' (b) 14. ^lfeWff^ffi4C0#-* 

9. (c) 14 (b) »c*3»t5-asSr*t:*cLfct|ffffillT'*> 

•9. (d) \i)AM<r>t:L>f>\Z7n\^tL^±mmmX'h^o 

[12141 (a) ~ (c) 14. nmmm^<r>^MW-% 

[121 5 1 (a) ~ (c) 14. ^tSroJI^fli 5 
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111161 (a) - (c) (i. mt&<^Bm6(D^i^^m 
[mi 7] (a) ^xxi (b) (i, mi^(Dj{me(D^m 

[Ell 81 (a) - (d) mi&(omm7<D^mi^n 

«{ElSg^go9Sa3t::^ it CO- 0ij ^ ^ L /t rrSia ^ ^ o 
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[112 01 (a) - (c) fi. »i£(;5ff^fii7<7:)#^5gi^m 

[12 2 1] (a) - (d) fi:. ^^(Dmms (O^mitM 

[02 21 (a) - (d) J*. |IJ£<7:)?F^«g9(?5*'«f^ft 

[122 3 1 (a) - (c) ti, |lliE<Dff^fii9CO#^2g(*:* 
W [£] Sg ® <J0 Sli it ;^ ^fe - W :^ L 7t »f S 1! 5 o 
[02 4 1 (a) (c) Ji. HiSOJi^ftl 9 60^2^^* 
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